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Amendment s to the Sp ftr.jfipgtiVm 

In this specification, please replace paragraph 1 with the following paragraph: 

In order to provide a finished look to substrates, such as woodworking and cabinets, coatings are 
applied to the substrate. Typically, the finish on wood products «, is ma de up of four 
components, a toner, a stain, a sealer and a topcoat. The toner is applied to the substrate to 
ensure an even rate of absorption of stain on the wood, thereby preventing undesirable color 
contrasts. The stain is applied to achieve the desired color of the end product. The sealer coat is 
then applied, followed «p by a topcoat. Thn scaler and t^oat are b e d i *s nn d fr ye aH y 
/ u n hide organio h n o n d solvoutj aia l ' n r water u a fflae a fe Typically the Bftfl !*r ggd top coat 
clear organic polymer materials in which the active jnggdjgnlg are present fl . , fW. m ^ t Z 
of liquid droplets in a carrier- or solvent The cagjer gj; fr^ntiy . omprisefi m _ 7n ^ 

qf the total. The carrier is a volatile organic liquid ^ mix*™ of h^. mav ajgo contain 
water, The active ingredients commonly are r»f«r^ to a « "solids" ftWp , nWb th.y — "°»»»y 

liquid at room temperature prior to anp li^tinn i--™^- jnrtnnrmr tho t0pLUiit ^ 

r e du ced organio setom contoul Materials e* wa ta based wfeefa n l m rnn t ii n co m t s Fgas k 
s o lv e nt content After the sealer or topcoat h»* hp e n applied in th» liquid state, a 'mring' nrnr.*^ 
takes place in , which the solvent evaporate, and fh» " solids" cn fflnr dries to a ^ fl „H/ r 
undergoes a chemical croMlinkinp p mcrss The sealer and topcoats provide a glossy finish and 
provide protection against the application, or absorption, of additional materials by filling the 
pores of the wood. Figure 1 is a picture of an example wood substrate, a cabinet door. 



m a 



Replace paragraph 3 with following paragraph; 

Traditionally, the finishing coatings are sprayed onto the substrate. Wet applications result i 
•Vet" coating thickness of three to four thousandths of an WW "^le g^Thisis ndlKeA tQ 
one mil after the material is dried or cured, usually in a thermal operation. The process takes 
approximately one to three hours from toner application to the curing of topcoat. Thereafter, the 
substrates cannot be stacked or otherwise come in contact with each other or anything else for an 
additional four to eight hours to prevent "sticking" 
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Additionally, th eS e traditional methods of wood coating are significantly eaffected by ambient 

conditions, particularly temperature and humidity. Moisture causes an undesirable ••rising" of 

the wood grain due to the process of hydration. Hydration is a process by^eh-wherebv the 

cells of the substrate absorb water. Hydration of the wood grain cells results in a non-uniform 

volume expansion of the substrate. Specifically with a sanded wood subtfrate, the wood grain 

will rise and a ••feathering" of the surface will result in an uneven, rough appearance. Although 

any low viscosity liquid that is allowed to "dive into" the pores of the wood can result in an 

expansion of the substrate, in the absence of hydration, this expansion is quite often negligible 

Furthermore, many traditional coating technologies, whether organic solvent or water-based 

ubhze electrostatic coating systems. Salt water mist is nddorl tn these tuinponents to aBew^ 

*&tt**yr applied to guMtateg prior to noting to p^ , nft wtmMry 

conductivity. The amount of mist applied is based in part on the system design and the ambient 

humidity. Thus system performance can vary based on the surrounding environmental 
conditions. 



Replace paragraph 9 with the following paragraph: 



frier to the current invention, it was already *« t e chnically f****} « to apply 1 qq peroent 
solids coatings, like including the solvent-based coatings, can be appJiod, at a 'convention^ 
build thickness of, approximately two to four mils build thicloicnc pri or t o euro utilL ii ^ » m j o u, 
rprny application t nn hnologioa i hm ore currently availabl e, using well known convsntional ^ y 
application techniques including conventional nirW w-assnteA-tirU*, high voli,™ W 
pressure fHVTP) technologies. However, for clear coating the resulting appearance of th ft 

ted article was frequently unacceptable Sin™ there is littls or no reduction of thirWo 
during the pnrinp of 100% solids material, ths oo n rir. r on the finish^ article appears too thiri, 
creating an imrireirable "plastic coated" app ^m,^ T f 1 0 0 p ornrn t : did, uuul ings arc appliod 
rtfi l iang cpray a p p linn t i on tochu u l u gi P i t h at are ouu tn tfr availabl u m id then ourrod w it h-ay 
radiation the mirnH film t^fa^ W C iuld fr 0 tXQ to four rcrult _ ^ ^ 

*f r onventional op i ning technique s , SUeh as oonvouti unn l airier, aii o Lu L Wd airlcps auJl ii ^ 
volumo low mr>»-„vn (mry p) fr rnnnlo - { o r> t p aw ^ . 1Q Q pcrc0QrLt _ olid _ lluliHf , r _ rfn . 
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provide for adoquat r m mt K TLu uu ali n ^ i n th o tw o t o f u u r mi l we t seating i U i ilt u d^ 
't h ick" appoaranu n on largo, Ewe d ii nomi o n nl su rf ae e s n n d t hi n, non uni fu rm ooatingc on 
■ m rfh con that wa u nn t perpo i i d i ui il ai to fee p ni at e$ 4k pm S # * x h Moreover, in ^ ^ tu. 
substrate such as jesses where tfie Position rat* nf ^ n g Mnar awt _ ^ 

droplets are sparsely distributed, the high yjgcosity. ojtjig 1 00% solids matgrial car prevent 
individual droeletg from goajejging or "knitting- p mp^l y to create g Igygj fjnjg hgd layer 
Consequentlythft finish in thess rad ons can hav. an unaccented Mry» or Wn » 
Such areas on wood cabinet doors are the recessed areas along the side and top rails. 



Replace paragraph 10 with the following paragraph: 

"Thin films" (0.2 mils to 2 mils) are not typically desired specified when using conventional 
organic solvent or water-based coatings due to poor appearance after cure. The finished product 
appears dry, blotchy, or uncoated. Thin films of 100 percent solids coatings do present a 
desirable appearance if, applied uniformly simply because the cured film thickness is equal to the 
uncured or wet film thickness. Prior to the curreaynyentioa afe thin and even film coatings of 
100 percent solids coatings are were readily achievable utilizing several application technologies, 
such as vacuum coating, curtain coating, and roll-on applicators. These technologies, however] 
are only viable on two-dimensional substrates since the coatings are difficult to apply to edges, 
corners and cracks in the substrate. Examples of substrates coated with these techniques include" 
linear wood cabinet components and wood flooring. In order to use these technologies on three 
dimensional substrates, the coatings are applied in larger quantities than needed, thereby 
producing waste of the coatings and an uneven application of the coating on the substrate. Al:o 
Moreover ' Prior tp the current invention some application technologies a* were simply not 
suitable for thin coatings of 100% solids materia] finjg ■ 3 -dimensional substrate. -Thin film 
spray application n f 1 0 0 percent o u liac coating has Tn particular spray, application typMy was 
usually unsuccessful, typically r esulted resulting in blotchy, dry, and uneven coating 
appearance* Furthermore, fee The coating failed to evenly enter areas of the substrates where 
there were not a perpendicular surface to the point of dispensation. Inadequate coverage was is 
produced in recessed areas, while in large flat, open areas droplets of the 100 percent solids 
material dooa not would fail to cnaW.* 2fea£2 to form a cohesive coating. 
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Replace paragraph 7 with the foUowing paragraph: 

Figure 7 is a graphical representation of the adiabatic effects experienced using the Can-Am-type 
gun and the Sata-Type gun. 



Replace paragraph 13 with the following paragraph: 

Figure 13 illustrates the coating spray pattern from a coating ^^^^M^M 
the sprav sprav pattern . x 

Replace paragraph 27 with the foUowing paragraph: 

The prcoess of Bus apphcata, provides for improved ^tSnf „ m ^ ^ 

match tha. of conventional soh-enUased coatings. VrUbf at1bc ooafing refeK to theflew-ef 

™ MaU «. 4 ' — « * •»» a unifotm dun fihn. For example, wood 

and mew surftces where failurM „„ ^ ^ ^ have ^ rf 
matena. that stand up . fo e subsUtte and do no, flow out tte proc« s of Ada application 
further provides for unproved coating build on rcceased or noa-pbnu,, surfaces. Furthermore me 
prccess desorihed herein maximize* Wer efficiency of foe materia. These significant 
tmprovements in foe 100 percent sohda coatings application provide for a unifotm foin film build 
on three-dimensional surfaces. Th* Hptaitc. . , „ . 



Replace paragraph 35 with the following paragraph: 

The guns 30 are used to apply the coating material, atomize the coating, distribute the coating 
and deliver the coating to the substrate 40. Component ^ ofjvpicaj m ^ einn 
Runs are shown in Fif w 4 Coating guns 30 generally consist of a body 50, valving 52 a 
material flow control apparatus 53 a coating nozzle 55 located on a gun head, coating input 58 
air mput 60 and side nozzle, or horn, 62. The gun shown in Figure 4 is an illustrative example of 
a conventional high volume low pressure (HVLP) gun, such as the SATA LP™ jet K3™ HVLP 
As shown in Figure 4 coating material enters the gun chamber 64 through coating input 58, from 
a feed hue (not shown). Air enters the gun chamber 64 through air input 60. The coating 
material is atomized in the gun spray chamber 64 and then carried to the coating nozzle 55 where 
it is dispensed from the gun. A portion of the air passes through the gun and out side nozzles 62 
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The m that flows out of the side nozzles 62 provides for the spray fan pattern, as described 
further below. The coating is then sprayed onto a substrate 40, as shown in Figure 513 in a 
controlled fan pattern to provide an even coating. Further detai ls on the operatioTof a 
conventional HVLP spray gun can be found in United States Patent No, RE36378 issued to 
Binlcs Manufacturing Company on November 9, 1999 and 6,585,173 issued to Sata- 
Farbspritztechnilc GmbH & Co. on July 1, 2003, the entire disclosures of which are hereby 
incorporated by reference. 



Replace paragraph 39 with the following paragraph: 

One factor that determine* the transfer efficiency regardless of the gun that is used is the spray 
pattern. The side nozzles or fan nozzles 62 ore used to effect ggajc, the spray pattern. Typically 
when air is discharged tern from the coating nozzle 55, the spray pattern isjm ovular cone. As 
«*h^ ha single pass for such a cone, , the edges of the spray pattern would be lighter than the 
center portion. In order to obtain a more uniform spray pattern, it is desirable to develop a flatter 
spray pattern, ideally to form a nearly rectangular footprint. The jets of air from the side nozzles 
62 are directed toward one another and at complementary angles such that the radial momentum 
is cancelled and the pattern from the coating nozzle is flattened. The longitodinal momentum of 
the atomized panicles is not altered by the side nozzles, thereby allowing the particles to 
continue to be dispersed onto the substrate. Thus, the side nozzles changes the direction of the 
atomized particles of the coating to create the rectangular footprint of distribution. 

Replace paragraph 43 with the following paragraph: 

In order to produce the desired optimal results, it was determined that the heat of the atomized 
spray stream should be between about 80 degrees and about 160 degrees Fahrenheit, and more 
specifically between about 110 degrees and about 140 degrees Fahrenheit. If the temperature is 
too het high several adverse conditions can occur. For example, if too much heat is applied there 
is a possibility that the substrate could be scorched, the chemical composition of the coating 
could be adversely effe*ed affected, air could be trapped in the coating thereby creating bubbles, 
or the substrate could be too absorbent thereby creating dry areas, or areas where the coating 
soaks into the substrate. Conversely, if me temperature is too cold, there is a possibility that 
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there could be inadequate flow out thereby not covering the substrate or the coating could blotch 
or suck to create an undesirable "orange-peel" look. Thus, in order to obtain an optimal output 
temperature, the effect of adiabatic cooling needs to be accurately balanced with the amount of 
heat added into the spray system. The effect of adiabatic cooling can be evaluated by conducting 
salculanng « the heat balance across the coating delivery process. Th^e ta taf*4he^e^ 
g«Mttm nf me h e at due lu adinhnti n pffbotp p fas i h e^^ajne^n-fe e n b nnd tho hou t 

m f lu nnrp both th u m and liquid. Fu ii hor otudicu 
wArp eefldHGted t n rl r -tnrrniTio t ho qu a ntity of a ir p ac in g through the two systems A c the volumu 

t o dd I . L T fe e rnifi,,. „, ,1„ ^ bee^ la^ 
«ts roquiro dr 




Replace paragraph 44 with the following paragraph: 



The heat mass balance over the system demonstrates the relative impact of each component 
approximately 1,000 grams of air pass through die atomization gun per minute H; Wfeen when 
heating the atomizing air from 72 degrees Fahrenheit to 150 degrees Fahrenheit per minute, 
approximately 85 kJ per gun of heat input is required^ apnroxiTnat.lv 100 

grams of coating pass through the atomization gun per minute; When when heating the coating 
fiom 72 degrees Fahrenheit to 120 degrees Fahrenheit per ininute, approximately 10 kJ per gun 
of heat input is required. If one assumes that there is approximately 30 cubic feet of air in the 
immediate vicinity of substrate to be coated, and that the ambient temperature is 110 degrees 
Fahrenheit, then the heat input required to maintain this temperature would be approximately 1 1 
kJ. It would appear, therefore, that the heat of the atmosphere between the point of atomization 
and the substrate would have an approximate 10% influence in the total heat to the process. 
However, when taking into account the rate of airflow from the point of dispensation to the 
substrate, this influence is almost completely offset by the displacement of ambient air with 
atomization air. 1%**-$ graphically demonstrates how atomization air displaces 

ambient air. 
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Replace paragraph 45 with the following paragraph: 

Fig™ 7 me effec* of both adiabatie heating and cooling. Teating waa conducted 

wtth a Can-Am gun and tnrbine compressor and with Sata traditional HVU> gum, Figure $ 1 is 
a ^aphtoal representation of air stream temperatllre from . ^ ^ ^ ^ ^ 

Sate gun at 40 pai. Abo p resTOte d era graphs with both guns apraying water at 56 degrees 
Fahienheat wtth a room temperature of 72 degrees Fahrenheit With the Sate guns, diapered ah 
and water wcx. cooled wcU below ambient temperatures and slowly approached anbien, 
temperature over time and distance traveled. With the Can-Am system, the adiabatie heating of 
the gas/liquid mixture is otoriy observed. As it can be seen, the Can-Am system reqmres less 
heat to offset the effects of adiabatie cooling. 



Replace paragraph 66 with the following paragraph: 

At least partly due to the absence of significant amounts of monofunctional acrylate monomers 
and/or inert solvents, it is believed, certain compositions exhibit reduced volatility as compared 
to their radiaaon curable, sprayable counterparts that include such materials, ft is believed mat 
monofunctional acrylate monomers not only react into and become part of the coating during 
cure, but they also evaporate during cure to a greater extent than multi-functional acrylates. Low 
volatility results in reduced odor, safer handling, and recyclability. 

Replace paragraph 93 with the following paragraph: 

Wfees Although gubg&ae Bleating is bgflgficjaj heat is <i Vv m tn tin ml, ^ * hhiiuld bu 

mustbe applied in a controlled and measured manner to ensure that the substrate is not adversely 
effected affected. For eyamnlp nm^A « ± ■ _ . ¥ . _ 



can cause material degradation, including drying, splitting, and 
combustoon. Extreme heating werid also pro vi d o f u r often is associated with uneven flow out, 
leavmg areas of the substrate dry or uncoated. High heating w4» can also cause the wood w4» to 
"off gas" w h ich will resul t rating in holes in the finished surface. M Conversely, if t he 
substrate is too cool, the oontaot angl o both the vWity n f«i,. coatmg 
angle on the surface is mav become tn« hiohr l 
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wT l r e m i t in a a fca gge in rhoology and resulting in an unacceptable appearance. Flow out wiH 
to not occur and the c^eo ug^ is a rough, uneven or "orange peel" appearance. 

In the case of non-wood or non-porous substrates, the rough, uneven appearance would still be a 
concern for cooler substrate temperatures. 

Replace paragraph 96 with the following paragraph: 

Many different types of applicators can be used to implement the process and produce the 
product as described herein. Examples of such applicators as those made by Dubois Equipment 
Co., Inc., Superfici Inc. and Cefla Group. The general components of the applicator is-are set 
forth above and Figure 12 is a photograph of a Dubois Mist Coater. It should be noted that a 
variety of applicators can be used. For example the applicator can be (1) a hand held spray 
wmch is applied to a fixed substrate; (2) a horizontal fixed spray head with the substrate on a 
conveying system; (3) a horizontal reciprocating spray head with the substrate on a conveying 
system; (4) a vertical, or hanging, reciprocating spray head with the substrate on a conveying 
system; (5) a vertical, or hanging, articulating spray head with the substrate on a conveying 
system; or (6) any other mechanism in which the sprayers can encounter the substrate in a 
uniform manner. Furthermore, it should be noted that any one of these applicators can be used in 
connection with a recirculation system to ensure high levels of transfer efficiency. However, it is 
preferred to maximize the transfer efficiency on me first pass, as recirculated coating parades 
will be subject to increased stress and shear which may adversely effect the look of the finished 
product. 



Replace paragraph 98 with the following paragraph: 

As mentioned above, controlling the temperature of the air sa gEed to *h- chamber temperate* 
ee**ol is not nearly as critical as t h o control of oth u controlling the temperatures^] of the other 
fluids in the sy ^m This is because there is not as much heat lost to the surrounding air, and 
more importantly, due to the positive displacement of the air by the atomized stream. ' The 
displacement of air is illustrated in Figure 13. It is preferred to use heated air within the spray 
chamber, preferably between about 80 degrees and about 160 degrees Fahrenheit, and more 
preferably between about 1 10 and about 130 degrees Fahrenheit. The heat for the chamber air 
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may come from other portions of the spraying system, such as, for example, from the UV oven 
Such use of the air not only saves in the amount of input heat, but also generates less waste 
streams. 



Replace paragraph 1 12 with the following paragraph: 

A horizontally reciprocating coatw nwhine or f*fre«*x, such as a Cefla 

Easy 2000™, or Superfici Twin Spray, can be used in place of the Mist Coater. The guns and 
flow equipment would be the same. The reciprocal is significantly different than the Mist 
Coater, because reciprocal use electric eyes to locate the substrate, and then only coat those 
areas. Hence the substrate can be sprayed with a thin and uniform coating using a 100 percent 
solids coating, a solvent coating, or a waterbome coating. 

Replace paragraph 120 with the following paragraph: 

The coating temperature can be enhanced by the additional heating within the spray gun. This 
can be achieved by delivering the atomization air at an elevated temperature. It has been 
measured, as with a turbine-air sun. that the tmn h„ e 7 M n r»^n «„._• ^. ... . .. .. 



At a deliverae Mvery of 3 oz/minute, this can result in a gun heating time of 6-7 seconds 
within the gun. Since nearly ten-times as much mass of air than coating is used in the gun, the air 



■mfinii 
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